The impact of light penetration into crown and the effect of rootstocks and distance between trees on photosynthetic behaviour were analysed. Apple cultivar 'Auksis' was grafted onto dwarfing rootstock P60 and super-dwarfing rootstock P22 and planted at different distances (3 × 1 m, 3 × 0.75 m and 3 × 0.5 m). Nitrogen balance index and photochemical reflectance index were measured at two heights: 0.8 m above ground inside the canopy and 1.5 m above ground outside the canopy; specific leaf area, fresh and dry weight were evaluated from all canopy. The significantly positive effect of dwarfing rootstock P60 on all tested indices was observed comparing to P22 rootstock. Increasing density between trees lead to a decreased specific leaf area and increased nitrogen balance index. The dry and fresh weight ratio and photochemical reflectance index were also significantly affected, but no general tendency was identified. Photochemical reflectance index was not affected by light penetration into canopy, but the nitrogen balance index significantly decreased in the upper part of the canopy. Summarizing, it can be stated that decreasing light penetration into the crown results in an increase in the specific leaf area and photochemical reflectance index, and leads to a decrease in dry and fresh weight ratio and nitrogen balance index.
Introduction
The plant growth and photosynthetic productivity are strongly influenced by environmental factors. The light is the essential source of energy and an external signal for regulating processes in plants. Photosynthetic productivity depends on many factors, such as light, water, CO 2 , nutrients and other elements like leaf canopy size and architecture (Long et al., 2006) . During photosynthetic processes, solar energy is bounding to dry matter, thus it is possible to estimate photosynthetic behaviour of the plant. An increase in leaf photosynthesis translates into an increase in biomass. The productivity of the biomass also depends on the optimal plant photosynthesis system work (Long et al., 2006; Hüner et al., 2016) .
Specific leaf area (SLA), which is defined as the leaf area per unit of dry leaf mass, is an important component linking plant carbon and water cycles as well as quantifying plant physiological processes. SLA regulates plant physiological processes, such as light capture, growth rates and life strategies (Ali et al., 2017; Yao et al., 2016) .
Non-destructive methods determining plant leaf area are useful instruments in physiological, ecological and agronomic research. Reflectance indices offer non-intrusive tools for rapidly inferring several functionally important leaf and canopy properties (Sala et al., 2015; Gamon & Surfus, 1999) . Photochemical reflectance index (PRI) is related with photosystem II (PSII) via the xanthophyll cycle and can be used as a proxy for light use efficiency. Thus, PRI was also applied as an active probe of pigment conversion (Gamon & Surfus 1999) . Weng et al. (2010) found that both PRI and PSII efficiency decreased in Mangifera indica leaves with the increase in illumination. Moreover, the PSII efficiency-PRI relationship varied with temperature and leaf colour. Chlorophyll index (Chl) and the nitrogen balance index (NBI) describes the relative chlorophyll and nitrogen content of the same leaves. Nitrogen index is capable of assessing N dynamics in apple tree systems (Cerovic et al., 2012; Overbeck et al., 2018) . Moreover, such methods allow repeat sampling of changing optical properties during leaf development.
It was reported that optical properties and photosynthetic indices were affected by seasonal changes in mango, Phlomis fruticosa (Weng et al., 2010; Stagakis et al., 2014) , depending on the water status in woody perennial plants (Hmimina et al., 2014) and light penetration into crown for Zea mays and Phlomis fruticosa (Cheng et al., 2013; Stagakis et al., 2014) . However, there is no data about leaf optical property relationship with photosynthetic indices in apple trees. Thus, the aim of the study was to find out the impact of light penetration into crown and the effect of rootstocks and distance between trees on photosynthetic behaviour of apple trees.
Materials and Methods

Plant material and growing conditions
A field experiment was carried out in an intensive orchard at the Institute of 
Optical leaf indices
Photochemical reflectance index (PRI) PRI was evaluated using non-destructive method (CI-710 Leaf spectrometer, USA) from five leaves from each tree at two heights: 0.8 m above ground inside the canopy and 1.5 m above ground outside the canopy. The PRI combines reflectance at 531 nm (R531) with a reference wavelength insensitive to short-term changes in light energy conversion efficiency (R570) and normalizes it: PRI = (R 531 -R 570 )/(R 531 -R 570 ) Nitrogen balance index (NBI)
NBI was evaluated using non-destructive measurement of leaf chlorophyll and flavonoid content in the epidermis (Dualex ®4, USA) from five leaves from each tree at two heights: 0.8 m above ground inside the canopy and 1.5 m above ground outside the canopy.
Biometric measurements
To determine the leaf area (cm 2 ), twenty leaves were randomly sampled from the whole tree canopy and measured with a leaf area meter (AT Delta -T Device, UK). The dry mass of twenty leaves was determined by drying apple leaves at 105 °C (Venticell 222, Medcenter Einrichtungen, Gräfeling, Germany) to constant weight. SLA was defined as the leaf area per unit of dry leaf mass, usually expressed in cm 2 g -1 .
Statistical analysis
The data were processed using two-way and threeway analysis of variance (ANOVA) at the confidence levels P≤0.05 and P≤0.01. LSD -Fisher's protected least: *P<0.05; **P<0.01 shows significant differences, ns -no significant differences.
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Results and Discussion
The impact of light penetration into crown and the effect of rootstocks and distance between trees on photosynthetic behaviour were analyzed. Thus, the NBI and PRI were measured at two heights inside and outside the canopy to assess how these indices change in different lighting conditions. According to the obtained results, the NBI inside the canopy was significantly higher for all treatments compared to fully lightened leaves outside the canopy (Table 1 ). This data corresponds to the findings by Cronin & Lodge (2003) , as they found that low light availability increased the nitrogen content of leaf tissue by 53%. It was found that NBI increased by about 10% in apple tree leaves grafted on P60 rootstock compared with the rootstock P22. According to the results, the planting distance had the most significant impact on the NBI. Increasing the density between trees lead to the decrease of NBI inside and outside the canopy. Twice lower density between the trees resulted in NBI decreased by about 15%. A significant impact on NBI was also found in apple tree cultivar 'Ligol' (Samuolienė et al., 2016) .
PRI was about 1.5 times bigger in the leaves of apple tree grafted on P60 rootstock compared with the rootstock P22 in July compared to the harvesting time. P22 rootstock and 3×1 m planting distance between trees resulted in the decrease of PRI. Weng et al. (2006) say that PRI can serve as an indicator of the seasonal variation of potential PSII efficiency. In our research, PRI from middle of July till the end of August decreased by a half and more.
Both the distance between the trees and rootstock significantly affected the specific leaf area. The specific leaf area of trees with rootstock grafted on P60 was two times larger compared to the trees grafted on P22 rootstock in all treatments (Table 2) . Decreasing the distance between apple trees lead to an increased specific leaf area, but dry and fresh weight ratio (DW/ FW) decreased. On the other hand, DW/FW was significantly affected by the rootstock and the distance between trees, but seasonality had no significant effect. DW/FW of trees with rootstock grafted on P60 had increased by about 6% compared with rootstock P22. Meanwhile, there were no significant differences Kristina Laužikė, Giedrė Samuolienė Table 2 The effect of rootstock, the distance between trees and seasonality on Specific leaf area and dry and fresh weight ratio in 'Auksis' apple tree between the interactions of factors. Thus, the increase of specific leaf area was caused by dry mass decrease, which was effected by lower light penetration into canopy. Similar results have been obtained by other authors, who have stated that when increasing the density of fruit trees, the dry mass decreases (at the same time DW/FW decrease has been observed), but it results in the increase of SLA (Sims et al., 1994; Poorter & Nagel, 2000) . According to Evans and Poorter (2001) , an increase in SLA lead to a decrease of NBI. Moreover, lower light penetration decreases the dry mass and NBI (Cronin et al., 2003) . The same tendency was obtained in our research (Table 2 ).
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Conclusions
1.
Decreasing light penetration into the crown results in the increase in SLA and PRI, and leads to a decrease of DW/ FW and NBI.
2. The rootstock has the greatest influence on the photosynthesis indices compared to the planting density and seasonality. The significantly positive effect of dwarfing rootstock P60 on all tested indices was observed compared to P22 rootstock. 3. The distance between the fruit trees significantly increased the specific leaf area and nitrogen balance index, but no general tendency was identified for changes of dry and fresh weight ratio and photochemical reflectance index.
